This study assessed environmental noise levels, mapped the spatial pattern at different times of the day and examined the association with morbidity of auditory ailments in Abeokuta metropolis. The entire metropolis was divided into 80 cells (areas) of 1000 m 2 ; out of which 33 were randomly selected for noise levels assessment. Portable noise meter (AR824) was used to measure noise level and Global Positioning System (Garmin GPS-72H) was employed to take the coordinates of the sample sites for mapping. Risk map of the noise levels were produced using Kriging interpolation techniques based on the spatial spread of measured noise values across the study area. Data on cases of hearing impairments were collected from four major hospitals in the city. Data collected from field measurements and medical records were subjected to descriptive (frequency and percentage) and inferential (Mean, ANOVA and correlation) statistics using SPSS (version 20.0). ArcMap 10.1 was employed for spatial analysis and mapping. Results showed mean noise levels range at morning (42.4±4.14 -88.2±15.1 dBA), afternoon (45.0±6.72-86.4±12.5 dBA) and evening (51.0±6.55-84.4±5.19 dBA) across the study area. The interpolated maps identified Kuto, Okelowo, Isale-Igbein and Sapon as high noise risk areas. The monitored noise levels varied significantly among the sampled areas at morning, afternoon and evening (p <0.05). Significant correlation was found between diagnosed cases of auditory ailments and noise levels measured in the morning (r=0.39 at p<0.05). Common auditory ailments found across the metropolis included impaired hearing (25.8%), tinnitus (16.4%) and otitis (15.0%) respectively.
There are many factors which cause the environment to be polluted and one of those undesired and unpleasant factors is 'noise' which can negatively impact a the quality of life. Noise in the human environment has become a major threat to the quality of human life; especially children and the infirmed, that are at risk of negative impacts of noise pollution due to their high susceptibility level (Haq et al., 2014) . Environmental noise is the aggregate of noise emitted into the ambient environment from sources such as transport, industrial and recreational activities among others. Outdoor noise, also called environmental noise (Jhanwar, 2016) has been attributed to poor urban planning that can give rise to noise pollution. Several factors such as, industrial activities, ceremonies/social events, some household chores, construction activities and transportation systems contribute to noise pollution throughout the city. Also included are human activities such as religious, parties, public functions, musical jamboree, commercial activities, trading, hawking, blowing of siren and town-criers as a form of advertisement, and factory plants operations and constructions. The external sources of noise are the most common intense noise nuisance, which includes aircraft, traffics from busy main roads and from motorways, trains and factories. In urban Nigeria, a huge number of auditory ailments have been linked to human activities (Olokesusi and Olorunfemi, 2006) that generate noise. Going by the study conducted in parts of Ibadan City by Oguntoke et al (2015) , a close association has been documented to exist between noise level and childhood auditory impairment cases. The impact of noise is determined not only by the sound level but also the duration and frequency of human exposure. Broadly considered, conductive hearing loss and sensorineural hearing loss are the major types of auditory problems. In conductive deafness, sound-pressure waves never reach the inner ear, most often as a result of a ruptured eardrum or a defect in the ossicles of the middle ear (Bugliarello, et al., 1976) . Generally, exposure to constant noise may damage sensitive structures in the ear. Rabinowitz (2000) and Olaosun et al. (2009) reported that noiseinduced hearing loss can result from damaged hair cells of the cochlea in the inner ear due to continuous exposure to recreational and occupational noise. The hearing limit of noise in man is given at about 140 dB. Human ears feel tiredness when exposed to over 80 dB for more than half an hour. This could lead to temporary deafness if the loudness of the noise is at 100 dB while extremely painful condition accompanies exposure to 140 dB (Kanr, 2007) . Apart from the auditory problems caused by human exposure to noise, non-auditory effects linked to abnormal social behaviour have been attributed to exposure to prolonged and often irregular noise (Evans and Lepore, 1993; Stansfeld and Matheson, 2003 ). Humans exposed to high noise levels have been shown to suffer from headache, dizziness, nervousness, irritability, loss of sleep, anger, depression, anxiety, distraction, agitation, cardiovascular and gastric disturbances, increased blood cholesterol level and hearing loss (Fields, 1998) . Otukong (2002) indicated that human exposure to environmental noise may increase the risks related to personal health, such as nervous frailty, extreme irritability, muscle cramps, stress and anxiety, dizziness, headache and migraine, anger and loss of body balance among others. In order to guard against the harmful effect of noise, several countries have set limits to the level of environmental noise allowed at different times of the day. For instance, the laws of Netherlands do not permit building of houses in areas where 24-hour average noise levels exceed 50 dBA. In Great Britain; the Noise Act empowers the local authorities to confiscate any noisy equipment and fine people who create excessive noise at night. In the US, 45 and 55 dBA are set for night and day time while areas labelled as silent zones must not exceed 40 and 50 dBA (Enger and Smith 2002) . Although, the regulator of Nigerian environmental affairs set creditable noise limits of 40 and 50 dBA, 45 and 55 dBA, and 50 and 60 dBA for night and day time in areas demarcated as residential, mixed residential and residential cum industrial zones (NESREA 2009 ). The fact that these limits are neither well publicized nor enforced, presents a situation of complete disregard for such law. Geographical analysis and mapping of noise intensity in urban centres has not received much attention of acoustic researchers, town planners and policy makers especially in these parts of the world. Geographical Information Systems (GIS), a veritable tool for conducting spatial analysis and mapping is scarcely employed in noise studies in Nigeria. GIS is capable of gathering, weighting, analyzing and presenting spatial and attribute information to facilitate the comprehension and management of environmental pollutions (Alesheikh et al., 2007) . The application of this tool for monitoring and forecasting noise pollution patterns has been demonstrated in some developed countries around the globe (Mehdi et al., 2005) . The outcomes present areal based analysis and visualization of noise data for environmental performance evaluation and planning purposes, with a view to control noise pollution. Noise mapping is a very efficient noise assessment method in urban areas (Panadya, 2003) . An environmental noise map is considered as a veritable tool for improving and preserving the quality of the environment with respect to noise pollution. It can present a comprehensive picture of noise from multiple sources and receivers. Furthermore, the mapping of environmental noise has the potential to enable data to be accessible to the general public in a way that is comprehensible. This could have the effect of raising people's awareness of noise as a pollutant and, thus, creating the climate necessary for the implementation of a noise-reduction program. Environmental soundscapes are specific to areas as a result of their spatio-temporal characteristics since sound varies with time and space (Waugh et al. 2003) . Spatial analysis of noise generation portrays noise boundaries using surface distribution thereby identifying risk zones or 'hot spots' within a study area. Realizing the efficacy of noise map, the European Union set a deadline of year 2002 for drawing up the 'noise maps' of big cities in the countries (Bond, 1996) . This study is therefore a step in the right direction to provide data for decision making and noise control planning.
MATERIALS AND METHODS

Description of the Study Area:
The Abeokuta metropolis serves as the capital of Ogun State, which is bordered by Lagos, Oyo, Ondo, and Osun States. It is located within the south-western part of Nigeria on Longitude 3.33°E and latitude 7.17°N. Abeokuta is about 103 km and 79 km to Lagos and Ibadan respectively. The whole city falls within four Local Government Areas in the State namely: Abeokuta South, Abeokuta North, and parts of Odeda, and Obafemi/Owode Local Government Areas (Figure 1 ). The city is specifically located within the humid tropical region with a mean annual rainfall of 1090.5 mm (Akanni, 1992) . The city covers a geographical area of 1256 Km 2 . It has an estimated population of 888,924 inhabitants in 2012. Due to the fertile soils found in the region, farming is the traditional occupation of the people. However, with the recent industrial development and establishment of various tertiary institutions within the city, other forms of land uses are emerging.
Assessment of Environmental Noise:
The Map of Abeokuta metropolis was obtained and gridded to create cells of 1000 m 2 using ArcMap 10.1 (Figure 2 ). The gridded map was overlaid on a high-resolution image so as to identify the locations that fall within each of the cells (Niederheiserab, et al., 2018; Oguntoke et al., 2019) . These locations were extracted and documented for field survey exercise.
Fig. 1: Map of Ogun State showing the location of Abeokuta municipality
Forty percent of cells (33 of 80 cells) were selected randomly for noise measurement. In each cell, four sampling points were selected. Sampling within the cells was carried out with the aid of noise meter at each sampling point. The spatial attributes (coordinates) of the sampling sites were obtained using the Global Positioning System (Garmin GPS-72H). The noise assessment was carried out in the morning (7 -9 am), afternoon (2 -4 pm), and evening (6-8 pm GIS Analysis: The geographical coordinates (Longitude and Latitude) of each location were recorded at each point of the selected site where noise levels were monitored. These coordinates were entered into Microsoft Excel spreadsheet and exported into ArcMap 10.1 environment for spatial analysis. Kriging technique in ArcMap software 10.1 was employed to produce noise risk maps for the study area, using mean noise values of the sampled cells.
The noise risk ranges are as follows; above 75 (very high), 71-75 (high), 65-70 (moderate) and below 65 dBA (normal) which are designated with different colours (Olaf, 2004; Polash et al., 2016) .
Statistical analysis: Data obtained from noise measurement and hospital records were entered into Microsoft Excel spread-sheets and exported into the Statistical Package for Social Sciences (SPSS 20.0) for analysis. Descriptive (frequency-run and percentage) and inferential statistical tools (mean, analysis of variance -ANOVA) and Post Hoc Test -DMRT) were employed to analyze the significant variation in mean noise levels. Furthermore, Pearson's correlation analysis was used to analyze the association between noise levels and cases of auditory ailments in Abeokuta city. throughout the day. Generally, 60.6%, 61% and 72.7% of the areas assessed in the morning, afternoon and evening had noise levels that exceeded the permissible limits set by the WHO and NESREA. By implication, the residents living in these areas are exposed to noise that put them at risk of suffering from hearing impairments and other non-auditory problems. The high noise level assessed at Kuto, Isale-Igbein and Okelowo at morning hours may be due to high volume of vehicular traffic as workers rush to reach their places of work. Also, the concentration of commercial activities and presence of motor parks in the first two areas could contribute to the noise levels. The high noise level measured at Kuto, Sapon, Abiola way, Okelowo and Ake at afternoon hours can be attributed to the concentration of shops, markets and high volume of vehicular traffic in the neighbourhood. Also, the contribution of noise from music players, use of electric generators for power supply and use of loudspeakers by hawkers of different kinds of goods are cupable. The high noise level assessed at Sapon, Kugba, Abiola way, Kuto and Okelowo at evening hours could be attributed to heavy vehicular traffic as most workers would be returning from the day's work. In addition, noise emitted from relaxation centers, sounds from music players in the neighbourhoods, use of electricity generating sets, and food grinding machines contributed to the background noise in the environment. On the other hand, areas with low noise levels such as Akin-Olugbade, Saraki, Totoro and Asero are largely residential areas with minimal commercial activities. Moreover, some of these residential areas are newly developing with sparse population; such include Asero housing Estate and government-reserved areas. In agreement with some of the noise sources identified by this study, Egunjobi (1983) indicated similar sources in Ibadan city.
RESULTS AND DISCUSSION
Authors have indicated that living in acoustic zones where the equivalent sound level is higher than 65 dBA put an urban population in a high risk status for numerous subjective effects of noise (Alberola et al. 2005) . Environmental noise level for preserving human health in residential areas is not expected to exceed 45 and 50 dB (A) during night time (WHO, 1995) . 
Spatial Prediction of Noise Risk in Abeokuta
Metropolis: The risk maps of Abeokuta metropolis revealed areas with very high, high, moderate and normal risk of noise pollution based on noise levels assessed in the morning, afternoon, evening and the mean daily level which is a composite of the three periods (Figure 2 -5 ). The risk map shows that the noise level in Abeokuta metropolis is predominantly normal and moderate in the morning except in the core parts of the city (Fig. 3) . The major areas depicted with very high noise risk in the morning were Okelewo, Kuto, Isale-Igbein and Kugba. Places such as Ibara, Sapon, Ikija Alogi and Fajol are predicted as high noise risk areas. The noise level in the areas with moderate noise risk can be attributed to the trickledown effect of noise from the high risk zones which could filter to neighbouring areas. Fig. 5 revealed that only Sapon and its neighbourhood had very high noise risk. Places such as Abiola-way, Kugba, Kuto and Okelewo are predicted to have high noise risk.
Remaining areas in the city are predicted to have moderate noise risk. Although the areal spread of very high noise risk reduced in the evening, high and moderate noise risk areas increased compare to afternoon and morning. With the concentric pattern of noise risks in the metropolis, noise risks pattern can be attributed to the trickledown or diffusion effect of noise from the very high zone to high zone, and from high zone to moderate zone in the city. At morning, afternoon and evening the areas that are predicted to be 'hotspot' of noise pollution in this study are hazardous and unsafe for humans. Although anybody could be adversely affected by noise pollution, the groups that are particularly vulnerable include infants, children, those with mental or physically illness, and the aged people, that are more sensitive to acoustic disturbance (Brookhouser, 1996; Stansfeld and Matheson, 2003) . Individuals residing in most of the high risk location are at risk of noise related ailments like temporary or permanent deafness, high blood pressure, headache, annoyance, poor psychological well-being and reduced quality of life (Dai et al., 2005) . The risk maps for morning, afternoon and evening in this study is similar to findings of Oloruntoba et al. (2012) and Yesufu et al. (2013) in Ibadan city, and Akintuyi et al (2014) in Bariga area of Lagos state, Nigeria. They identified areas referred to as noisy and low noise in their studies. Studies in parts of Japan, Spain, Brazil, Turkey, Egypt and India have also indicated spatial variations in noise risk (Garcia and Garrigues, 1998; Zannin et al. 2002; Ali and Tamura, 2003; Dai et al., 2005; Ahamad et al., 2006) . Among the eleven categories of auditory ailments, impaired hearing has the highest percentage (25.8%), followed by tinnitus (16.4%) and otitis (15.0%) for all the age groups as shown in Table 2 .
The lowest number of cases were from partial deafness (3.6%), delayed speech (2.7%) and foreign objects in ear (2.6%). Generally, children below the age of 11 years had the highest cases of hearing problems (27.9%), followed by 15% cases recorded by age 21-30 years and 11-20 years (13.8%). Specifically, ages 21-30 years reported more cases of impaired hearing followed by 11-20 years and 51-60 years. The low cases of sensorineural impairment observed among children less than 10 years concurs with the finding of Oguntoke et al. (2015) in Ibadan city, Nigeria. Going by the distribution of the categories of auditory ailments in the specific areas of the metropolis (Table  3) , the highest number of cases were from Obantoko (17.9%), Sapon (14.0%), Kuto (11.1%), Abiola-way (11.0%) and Kugba (8.1%) areas. Many of the remaining residential areas reported fewer number of cases (below 7%) within the study period. Specifically, Sapon dominated cases of impaired hearing followed by Obantoko and Kugba. Also, Obantoko recorded highest cases of tinnitus, followed by Kuto and Abiola-way. Otitis cases were also high at Obantoko, Sapon and Abiola-way. The number of cases recorded in these locations could be attributed in part to prevalence of high noise levels in the area. Apart from the possible influence of large population in some of these areas and the fact the residents are relatively more educated, which might contribute to the number of cases reported at Hospitals, noise emitting activities such as welding, block making and artisan shops are quite many in these residential areas.
Human exposure to noise from small scale industries located in parts of these areas are capable predisposing the residents to risks of noise pollution (Oguntoke et al., 2015) . Correlation between reported cases of auditory ailments and Noise levels: The correlation analysis of noise levels and occurrence of hearing impairment cases showed significant positive correlation (Table  3) . Specifically, positive correlation was found between cases of hearing impairment and noise level in the morning hours (r=0.38-0.39). Moreover, ear ache, foreign object in ear and partial deafness show significant positive association with noise level in the morning (r=0.39, 0.38 and 0.38 respectively p<0.05).
By implication, areas that had high noise levels in the morning equally recorded more cases of auditory ailments. This analysis shows that noise levels in each area contribute to morbidity of auditory ailments. The positive association between noise levels and occurrence of hearing impairment has been observed in previous studies (Amedofu et al., 2005; Smith et al., 2005; Oguntoke et al., 2015) . Apart from the impact of noise exposure in the causation of auditory ailments, other factors such as infections are also implicated (Hear-it.org 2011). This biological factor was also adduced as a cofounding and spatially cooccurring factor in the concentration of childhood hearing problems in low and medium income residential areas of Ibadan city in Nigeria (Oguntoke et al., 2015) .
Conclusion: Abeokuta metropolis is largely noisy as more than halve of the sampled areas recorded high noise levels (>55 dB) at the different periods of the day. About a quarter of the diagnosed cases of auditory ailments among the areas were associated with the prevailing environmental noise levels. There is therefore the need for Community Development Associations (CDAs) and government agencies to sensitize the residents and put firm control on the level of noise generated by activities found culpable in the high noise risk neighbourhoods.
